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,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH&RPSXWHU6XSSRUWHG(GXFDWLRQ
7KH$SSOLFDWLRQRI931LQWKH5HPRWH9LUWXDO&ODVVURRP
0LQJKXL:DQJ-XQKXD3DQ=KRX=KHQJ
<DQFKHQJ,QVWLWXWHRI7HFKQRORJ\;L:DQJ$YHQXH1R<DQFKHQJ&+,1$

$EVWUDFW
:LWK WKHGHYHORSPHQWRI ,QWHUQHWDQGPXOWLPHGLDFRPSXWHU WHFKQRORJ\ WKHYLUWXDO FODVVURRPKDVDGHTXDWH
WHFKQLFDOVXSSRUW7KHDSSOLFDWLRQRIYLUWXDOFODVVURRPFKDQJHVWKHWUDGLWLRQDOPRGHRIHGXFDWLRQDQGPDNHV
DIXQGDPHQWDOFKDQJHLQWKHWHDFKLQJDQGOHDUQLQJPHWKRGV9LUWXDOFODVVURRPFDQHIIHFWLYHO\RYHUFRPHDORW
RI GLIILFXOWLHV RI SUDFWLFDO WHDFKLQJ LQ VFKRROV 7KH LQWHUDFWLRQ DQG LQWHUHVWLQJ RI WKH YLUWXDO FODVVURRP
HQYLURQPHQW LV HVVHQWLDO7KLVDUWLFOHGLVFXVVHV WKHDSSOLFDWLRQRI931 WHFKQRORJ\ LQ WKHYLUWXDO FODVVURRP
ZKLFK FDQ PDNH D VFKRODU RQ WKH ,QWHUQHW EH DGGHG WR GLVFXVVLRQV DQG OHDUQ LQ WKH YLUWXDO FODVVURRP RI
&DPSXV

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV9319LUWXDO&ODVVURRP&ROODERUDWLYHOHDUQLQJ9LUWXDOUHDOLW\9LUWXDO7HDFKLQJ
,QWURGXFWLRQ
1HWZRUNWHDFKLQJKDVEHFRPHDKRWWRSLFRIPRGHUQHGXFDWLRQEXWPRVWFROOHJHVDQGXQLYHUVLWLHVRQOLQH
WHDFKLQJDSSOLFDWLRQLVVWLOOLQLWVLQIDQF\RUMXVWPHHWVRQOLQHFRXUVHZDUHWRUHDFKDJRRGOHDUQLQJRXWFRPH
$WSUHVHQWUHVHDUFKHUVKDYHSURSRVHGWREXLOGDQHWZRUNRIYLUWXDOFODVVURRPWRDVVLVWLQGHSHQGHQWOHDUQLQJ
YLUWXDOFODVVURRPVFDQVLPXODWHWKHDGYDQWDJHVRIWKHWUDGLWLRQDOWHDFKLQJDQGWHDFKLQJWKHRU\&ROODERUDWLYH
OHDUQLQJDFKLHYHVWKHHIILFLHQWXVHRIUHVRXUFHVDQGWKHYLUWXDOUHDOLW\RIOHDUQLQJSURFHVV
1HWZRUN FRPSXWHU WHFKQRORJ\ KDV HQDEOHG YLUWXDO FODVVURRPV IRU FROODERUDWLYH OHDUQLQJ LQ ZKLFK
OHDUQHUV DQG WHDFKHUV LQWHUDFW WKURXJK FRPSXWHUPHGLDWHG FRPPXQLFDWLRQ > @ DQG 7KH GHYHORSPHQW RI
QHWZRUN WHFKQRORJ\ KDV JUHDWO\ IDFLOLWDWHG GHYHORSPHQW RI YLUWXDO FODVVURRPV HVSHFLDOO\ ZLWKLQ VRFLDO
GLVFLSOLQHV>@7KHDSSOLFDWLRQRIYLUWXDOFODVVURRP9&KDVEHHQWKHVXEMHFWRIPXFKUHVHDUFKE\HGXFDWLRQ
 
&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVZPK#\FLWHGXFQ
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H[SHUWV DQG VFKRODUV DURXQG WKH ZRUOG $FFRUGLQJ WR WKH GLIIHUHQW FRYHUDJH YLUWXDO FODVVURRPV VXSSRUWLQJ
RQOLQHLQWHUDFWLRQLQFXUUHQWUHVHDUFKFDQEHFDWHJRUL]HGLQWRWZRNLQGV7KHILUVWW\SHRIWKHYLUWXDOFODVVURRP
LVEDVHGRQ/$1 IRU H[DPSOH VWXGHQWVPDNHGLVFXVVLRQ RI WKH UHOHYDQW NQRZOHGJH LQ DYLUWXDO FODVVURRP
ZLWKLQWKHFDPSXVQHWZRUN7KHVHFRQGW\SHRIWKHYLUWXDOFODVVURRPLVEDVHGRQWKH,QWHUQHW,QWKHVHYLUWXDO
FODVVURRPV VFKRODUVDURXQG WKHZRUOGFDQH[SUHVV WKHLUYLHZVRQ WKHUHOHYDQW WRSLF ,QDGGLWLRQ WKHXVHRI
GLIIHUHQWWHFKQRORJLHVWKHYLUWXDOFODVVURRPFDQEHGLYLGHGLQWREDVHGRQWKHYLGHRFRQIHUHQFLQJV\VWHPV>@
PXOWLPHGLD PXOWLPHGLD HQYLURQPHQW>@ EDVHG RQ ZKLWHERDUG DQG WH[W FKDW >@ $OWKRXJK WKH SK\VLFDO
FRQQHFWLRQ RI WKH ORFDO QHWZRUNV DQG WKH FDPSXV QHWZRUNV LV WKH KLJK FRVW UHODWLYHO\ ORZFRVW SHUVRQDO
FRPSXWHUVDQGSODWIRUPLQGHSHQGHQW,QWHUQHWPHGLDPDNHWKHYLUWXDOFODVVURRPDYLDEOHRSWLRQIRULQWHUDFWLYH
GLVWDQFHOHDUQLQJ7KLVSDSHUSURYLGHVDPHWKRGRIXVLQJD931ZKLFKOHWVUHPRWHVFKRODUVEHDGGHGWRWKH
YLUWXDOFODVVURRPOHDUQLQJ
7KHUHTXLUHPHQWRIHGXFDWLRQ
:LWK WKH GHYHORSPHQW RI HGXFDWLRQ DQG QHWZRUNLQJ LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV KDYH
LQYDGHGVFLHQFHHGXFDWLRQLQDOOGLUHFWLRQV7KH\KDYHXQGRXEWHGO\FKDQJHGWKHWUDGLWLRQDOPRGHRIHGXFDWLRQ
7UDGLWLRQDOWHDFKLQJDQGRQOLQHWHDFKLQJVXFKDVVKRZQLQ7DEOH7KHQHZPRGHRIWHDFKLQJKDVPDGHDORW
RIQHZGHPDQGV
• $V D UHVXOW RI WKH UHDOLW\ RI WKH JOREDOL]DWLRQ RI WKH LQIRUPDWLRQ UHYROXWLRQ DQG RQJRLQJ NQRZOHGJH
HGXFDWLRQ PRUH FXWWLQJHGJH VFLHQWLILF LVVXHV LQ WKLV SURIHVVLRQDO VKRXOG EH UHIOHFWHG LQ WHDFKLQJ DQG
OHDUQLQJ7KHFODVVURRPWHDFKLQJ WLPH LV OLPLWHG WKHUHIRUHZHFDQGLVFXVVDQGVWXG\ WKHVH LVVXHV LQ WKH
YLUWXDOFODVVURRPLQWKHH[WUDFXUULFXODUWLPH
• 7RGD\ PDQ\ UHVHDUFK WRSLFV DUH LQWHUGLVFLSOLQDU\ FRPSUHKHQVLYH DQG LQQRYDWLYH WKH UHVHDUFKHUV PXVW
KDYHDPRUHFRPSUHKHQVLYHXQGHUVWDQGLQJRIWKHFRPSOH[UHDOLW\FXUUHQWO\IDFLQJWKHQHZWRSLF%XWPXFK
RIWKHHGXFDWLRQDQGOHDUQLQJHQYLURQPHQWWRGD\ LVVWLOOGLYLGHGLQWRULJLGDFDGHPLFGLVFLSOLQHV IRFXVLQJ
RQGLVFUHWHXQLWVRIUHVHDUFK
• 0DQ\ ODUJHHQWHUSULVHVDVN WKH MXVWJUDGXDWHG VWXGHQWV WRKDYHDZDUHQHVVRI WHDPZRUN DQGDVN WKHP WR
VRRQEHDEOH WRDGDSW WR WKH WHDPOLIH7KHFROODERUDWLYH OHDUQLQJ LQ WKHYLVXDOFODVVURRPHQKDQFHV WHDP
SHUIRUPDQFHWKURXJKWRROVIRUFRPPXQLFDWLQJHDFKSHUVRQ¶VLGHDVVWUXFWXULQJJURXSGLDORJXHDQGGHFLVLRQ
PDNLQJDQGIDFLOLWDWLQJFROOHFWLYHDFWLYLWLHV
• :LWK WKH LPSURYHPHQWRI OLYLQJFRQGLWLRQVPDQ\ VWXGHQWVKDYH WKHLURZQFRPSXWHUZKLFKSURYLGHV WKH
FRQGLWLRQVRI6XUILQJWKHLQWHUQHWIRUVWXGHQWV*XLGLQJVWXGHQWVWROHDUQZLWKUHDVRQDEOHXVHRIWKHQHWZRUN
FDQUHGXFHWKHVWXGHQWVDGGLFWHGWRRQOLQHJDPHV
7DEOH7KHFRPSDULVRQRIWUDGLWLRQDOHGXFDWLRQDQGQHWZRUNHGXFDWLRQ
7KHFRPSDULVRQ WUDGLWLRQDOHGXFDWLRQ QHWZRUNHGXFDWLRQ
7KHSODFHRIVWXG\ LQWKHFODVVURRP DWDQ\ORFDWLRQ
7KHWLPHRIVWXG\ LQDFFRUGDQFHZLWKWKH
WLPHWDEOH
IUHHWLPH
7KHIUHHWLPHRILQWHUDFWLRQ OHVV PRUH
7KHOHDUQLQJPHWKRGV WKHWHDFKHUVWHDFKWKH
VWXGHQWVOHDUQ
7KHLQGHSHQGHQW
OHDUQLQJ
7KH/HDUQLQJWRROV 7KHRSHUDWLQJ7KLQJV 7KHYLUWXDOREMHFWV

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7KH931WHFKQRORJ\
931
$YLUWXDOSULYDWHQHWZRUN931LVDSULYDWHQHWZRUNWKDWLQWHUFRQQHFWVUHPRWHDQGRIWHQJHRJUDSKLFDOO\
VHSDUDWH QHWZRUNV WKURXJK SULPDULO\ SXEOLF FRPPXQLFDWLRQ LQIUDVWUXFWXUHV VXFK DV WKH ,QWHUQHW 931V
SURYLGHVHFXULW\WKURXJKWXQQHOLQJSURWRFROVDQGVHFXULW\SURFHGXUHV>@VXFKDVHQFU\SWLRQ$931FRXOGEH
XVHGWRVHFXUHO\FRQQHFWWKHUHPRWHZRUNHUWRRIILFHQHWZRUNRIWKLVRUJDQL]DWLRQWKURXJKWKHSXEOLF,QWHUQHW
7KH931FDQDOVREHXVHGWRLQWHUFRQQHFWWZRVLPLODUW\SHQHWZRUNVRYHUDGLVVLPLODUPLGGOHQHWZRUN)RU
H[DPSOHWZR,3YQHWZRUNVRYHUDQ,3YQHWZRUN>@
7KHUHDUHWZRPDLQW\SHVRI931UHPRWHDFFHVV931VDQG6LWHWRVLWH931V5HPRWHDFFHVV931VDOORZ
LQGLYLGXDOUHPRWHXVHUVWRFRQQHFWWRDUHPRWHQHWZRUNVXFKDVURDPLQJVWXGHQWVFRQQHFWLQJWRWKHLUFDPSXV
V
LQWUDQHW931V W\SLFDOO\ UHTXLUH UHPRWHXVHUV WREHDXWKHQWLFDWHGDQGPDNHXVHRIHQFU\SWLRQ WHFKQLTXHV WR
SUHYHQW GLVFORVXUH RI SULYDWH LQIRUPDWLRQ WR XQDXWKRUL]HG SDUWLHV SUHVHQW RQ WKH QHWZRUNV WKH 931 JRHV
WKURXJK
5HPRWH$FFHVV2YHUWKH,QWHUQHW
931V SURYLGH UHPRWH DFFHVV WR WKH UHVRXUFHV ZLWKLQ WKH RUJDQL]DWLRQ RQ WKH SXEOLF ,QWHUQHW ZKLOH
PDLQWDLQLQJSULYDF\ RI LQIRUPDWLRQ)LJXUH VKRZVD931FRQQHFWLRQ XVHG WR FRQQHFW D UHPRWH XVHU WR D
FRUSRUDWHLQWUDQHW8VLQJWKHFRQQHFWLRQWRWKHORFDO,63WKH931VRIWZDUHFUHDWHVDYLUWXDOSULYDWHQHWZRUN
EHWZHHQWKHGLDOXSXVHUDQGWKHFRUSRUDWH931VHUYHUDFURVVWKH,QWHUQHW


)LJ8VLQJD931FRQQHFWLRQWRFRQQHFWDUHPRWHFOLHQWWRDSULYDWHLQWUDQHW

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
$XWKHQWLFDWLRQ
7XQQHO HQGSRLQWVPXVW DXWKHQWLFDWHEHIRUH VHFXUH931 WXQQHOV FDQEH HVWDEOLVKHG8VHUFUHDWHG UHPRWH
DFFHVV 931V PD\ XVH SDVVZRUGV ELRPHWULFV WZRIDFWRU DXWKHQWLFDWLRQ RU RWKHU FU\SWRJUDSKLF PHWKRGV
1HWZRUNWRQHWZRUNWXQQHOVRIWHQXVHSDVVZRUGVRUGLJLWDOFHUWLILFDWHVDVWKH\SHUPDQHQWO\VWRUHWKHNH\ WR
DOORZWKHWXQQHOWRHVWDEOLVKDXWRPDWLFDOO\DQGZLWKRXWLQWHUYHQWLRQIURPWKHXVHU
7KHYLUWXDOFODVVURRPUHODWHGWHFKQRORJ\
• 9LUWXDOUHDOLW\
9LUWXDOUHDOLW\95LVDWHUPWKDWDSSOLHVWRFRPSXWHUVLPXODWHGHQYLURQPHQWVWKDWFDQVLPXODWHSK\VLFDO
SUHVHQFHLQSODFHVLQWKHUHDOZRUOGDVZHOODVLQ LPDJLQDU\ZRUOGV7KHWHUPDUWLILFLDOUHDOLW\FRLQHGE\
0\URQ.UXHJHUKDVEHHQLQXVHVLQFHWKHV7KHHDUOLHVWXVHFLWHGE\WKH2[IRUG(QJOLVK'LFWLRQDU\LVLQ
DDUWLFOHWLWOHG9LUWXDOUHDOLW\>@EXWWKHDUWLFOHLVQRWDERXW95WHFKQRORJ\7KHGLIIHUHQWFRQFHSWVRI
YLUWXDO UHDOLW\ DUH LGHQWLILHG VLPXODWLRQ LQWHUDFWLRQ DUWLILFLDOLW\ LPPHUVLRQ WHOHSUHVHQFH IXOOERG\
LPPHUVLRQDQGQHWZRUNFRPPXQLFDWLRQ
• 7KH'7HFKQRORJ\
'FRPSXWHU JUDSKLFV DUH JUDSKLFV WKDW XVH D WKUHHGLPHQVLRQDO UHSUHVHQWDWLRQRI JHRPHWULF GDWD WKDW LV
VWRUHG LQ WKH FRPSXWHU IRU WKHSXUSRVHVRI SHUIRUPLQJ FDOFXODWLRQV DQG UHQGHULQJ' LPDJHV6XFK LPDJHV
PD\ EH VWRUHG IRU YLHZLQJ ODWHU RU GLVSOD\HG LQ UHDOWLPH $W SUHVHQW WKH 3RSXODU ' PRGHOLQJ VRIWZDUH
LQFOXGHV0D\D'60$;DQG0XOWL*HQ&UHDWRUHWF7KHYLUWXDOFODVVURRP'GLVSOD\LVVKRZQLQ)LJXUH



)LJ7KH'HIIHFWRIWKHYLUWXDOFODVVURRP
$FFHVVWRYLUWXDOFODVVURRPLQWKH931KHOS
$UHPRWHKRVWXVHGE\VWXGHQWVZLWKSXEOLF,3DGGUHVVZLVKHVWRFRQQHFWWRDVHUYHUIRXQGLQVLGHDFDPSXV
QHWZRUN7KHVHUYHUKDVLQWHUQDODGGUHVVDQGLVQRWUHDFKDEOHSXEOLFO\%HIRUHWKHVWXGHQWFOLHQWFDQUHDFKWKLV
VHUYHULWQHHGVWRJRWKURXJKD931VHUYHUILUHZDOOGHYLFHWKDWKDVSXEOLF,3DGGUHVVDQGDQLQWHUQDODGGUHVV
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$OOGDWDEHWZHHQWKHFOLHQWDQGWKHVHUYHUZLOOQHHGWREHNHSWFRQILGHQWLDOKHQFHDVHFXUH931LVXVHG7KH
IROORZLQJVWHSVGHVFULEHWKHSURFHVVRIDUHPRWHXVHUFOLHQWWRFRQQHFWWR931VHUYHU
• 7KH931FOLHQWFRQQHFWVWRD931VHUYHUYLDDQH[WHUQDOQHWZRUNLQWHUIDFH
• 7KH931VHUYHU DVVLJQV DQ ,3 DGGUHVV WR WKH931FOLHQW IURP WKH931VHUYHU
V VXEQHW7KH FOLHQW JHWV
LQWHUQDO,3DGGUHVV$931FOLHQWZRXOGQRUPDOO\FUHDWHDYLUWXDOQHWZRUNLQWHUIDFHWKURXJKZKLFKLWZLOO
VHQGHQFU\SWHGSDFNHWVWRWKHRWKHUWXQQHOHQGSRLQW
• 7KH931FOLHQWZLVKHVWRFRPPXQLFDWHZLWKWKHFDPSXVVHUYHU7KH931FOLHQWSUHSDUHVDSDFNHWZKLFK
KDVVRXUFHDGGUHVVDQGGHVWLQDWLRQDGGUHVVRIFDPSXVQHWZRUNHQFU\SWVLWDQGHQFDSVXODWHVLWLQDQRXWHU
931SDFNHWVD\DQ,36HFSDFNHW7KLVSDFNHWLVWKHQVHQWWRWKH931VHUYHURQWKHSXEOLF,QWHUQHW7KH
LQQHUSDFNHWLVHQFU\SWHGVRWKDWHYHQLIVRPHRQHLQWHUFHSWVWKHSDFNHWRYHUWKH,QWHUQHW WKH\FDQQRWJHW
DQ\ LQIRUPDWLRQIURPLW7KH\FDQRQO\VHHWKDW WKHUHPRWHKRVW LVFRPPXQLFDWLQJZLWKDVHUYHUILUHZDOO
EXWQRW WKHDFWXDOFRQWHQWVRI WKHFRPPXQLFDWLRQ DQGHVSHFLDOO\ QRW WKHDFWXDOFRPPXQLFDWLRQZLWK WKH
FRPSDQ\VHUYHU7KHRXWHUSDFNHWKDVVRXUFHDGGUHVVDQGGHVWLQDWLRQDGGUHVVRISXEOLFLQWHUQHW
• :KHQWKHSDFNHWUHDFKHVWKH931VHUYHUIURPWKH,QWHUQHWWKH931VHUYHUGHHQFDSVXODWHVWKHSDFNHWDQG
GHFU\SWV LW ,W LQVSHFWV LW DQG ILQGV WKDW WKHGHVWLQDWLRQ DGGUHVV LV D VHUYHU
V OHJDO DGGUHVV RI WKH FDPSXV
QHWZRUN
• 7KH931VHUYHUIRUZDUGVWKHSDFNHWWRWKHLQWHQGHGVHUYHU
• $IWHUVRPHWLPHWKH931VHUYHUUHFHLYHVDUHSO\SDFNHWFRPLQJIURPWKHLQWHQGHGVHUYHUDQGLQWHQGHGIRU
WKHUHPRWHVWXGHQW
KRVW7KH931VHUYHUFRQVXOWVLWVURXWLQJWDEOHDQGVHHVWKLVSDFNHWLVLQWHQGHGIRUD
UHPRWHKRVWWKDWPXVWJRWKURXJK931
• 7KH931VHUYHUHQFU\SWVWKLVUHSO\SDFNHWDQGHQFDSVXODWHVLWLQD931SDFNHWDQGVHQGVLWRXWRYHUWKH
,QWHUQHW
• 7KHUHPRWHKRVWUHFHLYHVWKHSDFNHW7KH931FOLHQWGHHQFDSVXODWHVWKHLQQHUSDFNHWDQGGHFU\SWVLW7KH
SDFNHWLV WKHQSDVVHGWRWKHDSSURSULDWHVRIWZDUHDWXSSHUOD\HUV2YHUDOO LW LVDVLI WKHUHPRWHFRPSXWHU
DQGFDPSXVVHUYHUKDYHVXEQHWDGGUHVVRIWKHVDPHQHWZRUNVHJPHQW
7KURXJKWKHDERYHVWHSVDUHPRWHVWXGHQWPD\VXFFHVVIXOO\FRQQHFWWRWKHFDPSXVLQVLGHQHWZRUN+HFDQ
DFFHVVDYDULHW\RIWHDFKLQJUHVRXUFHVRQWKHFDPSXVLQFOXGLQJWKHDFFHVVWRYLUWXDOFODVVURRP7KHUHPRWH
DFFHVVLQJLVVKRZQLQ)LJXUH
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